Abstract. Honey bees, Apis mellifera, were trained to fly from their hive to a feeding site along a flight path marked by visually discriminable landmarks 3·46 m high. The landmarks were placed at regular intervals of 90 m. During training, the feeder was located directly in front of the third (target) landmark.
A familiar food source is specified in the bee's memory by a vector encoding distance and direction from the hive (von Frisch 1967; Cartwright & Collett 1983; Collett 1993) . The directional component is defined by the sun compass (Wolf 1927) and the distance component may be estimated by means of energy investment during flight (Heran 1956 , but see also Esch et al. 1994) . It is unlikely, however, that these mechanisms alone will reliably guide an insect during long-distance orientation in natural conditions.
The estimation of distance and direction may be disrupted by external influences such as wind or thick cloud cover impairing sun compass application (von Frisch & Lindauer 1954; von Frisch 1967; Dyer & Gould 1981; Chittka & Geiger 1995a) as well as internal errors inherent in the mechanisms employed by the animals for the respective assessments (Wehner & Srinivasan 1981; Mueller & Wehner 1988; Wehner & Wehner 1990) . To cope with such disruptions, landmarks must be integrated into the sequence of instructions to follow a fixed route (Collett 1992 (Collett , 1993 Chittka & Geiger 1995a, b) . Theoretically, a sequentially stored set of instructions that links consecutive landmarks would suffice for navigation towards a goal even if vector information were not available, given that the respective next landmark is detectable and recognizable from the respective last landmark.
Two easily conceivable problems might compromise such a strategy under natural conditions. First, consider a long-distance foraging trail through an environment rich in detail, such as a forest. The insect would have to memorize practically an infinity of landmarks or panoramas to guide itself reliably along a given route. A strategy to save memory space would be to store only conspicuous landmarks and link these in memory by flight vector instructions. Second, different constellations of natural landmarks, such as bushes, trees or rocks, may often look similar (Collet & Kelber 1988; Collett 1992) . To avoid mistakes, a given landmark should be defined in memory not only by its own visual appearance, but also by, for example, the direction and distance in which it lies from other targets, for example the last one passed en route.
